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(57) ABSTRACT

A termination region structure of a semiconductor device is
provided, which includes: a semiconductor layer; a plurality
of trenches, formed on a surface of the semiconductor layer;
a connecting trench, formed on the surface of the semicon-
ductor layer, for connecting two adjacent trenches in the
plurality of trenches; a first insulating layer, formed on sur-
faces of the plurality of trenches, the connecting trench, and
the semiconductor layer; a conductive material, formed in the
plurality of trenches and the connecting trench; a second
insulating layer, covering part of a surface of the first insulat-
ing layer and part of a surface of the conductive material; and
a metal layer, covering part of a surface of the second insu-
lating layer.

4 Claims, 19 Drawing Sheets
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SEMICONDUCTOR DEVICE AND
TERMINATION REGION STRUCTURE
THEREOF

BACKGROUND

1. Technical Field

The present invention relates to a semiconductor device
and a termination region structure thereof, and particularly to
a semiconductor device having a trench structure and a ter-
mination region structure thereof.

2. Related Art

A Schottky diode is a semiconductor device formed by a
metal-semiconductor junction, and due to its low turn-on
voltage and high respond speed, it is widely used in various
electronic circuits such as power conversion circuits at
present. The conventional Schottky diode structure includes a
heavily doped semiconductor substrate, which is usually
made of monocrystalline silicon; and a semiconductor layer
served as a cathode region, which is made of a material doped
with a low concentration of the carrier having conductivity
identical to that of the substrate. Moreover, a metal layer or a
metal silicide layer is formed on the cathode region lightly
doped, so as to form a Schottky barrier and constitute an
anode of the diode.

The Schottky diode has a characteristic of fast speed, and
only requires a low forward bias; in other words, the Schottky
diode may have a large forward current and short reverse
recovery time. However, when a reverse bias continues to
increase, there will be a large leakage current (depending on
the work function of the metal and the doping concentration
of the semiconductor). Therefore, a trench Schottky diode in
the prior art pinches off a reverse leakage current by filling
polysilicon or metal in the trenches.

For the conventional trench Schottky diode, reference can
be made to U.S. published patent application No. US 2010/
0327288. FIG. 1(a) illustrates a trench Schottky diode device
according to the application, which includes: a semiconduc-
tor substrate 12 having a multi-trench structure 11; a first
mask layer 13, formed on a surface of the semiconductor
substrate 12; a gate oxide layer 14, formed on a surface of the
multi-trench structure 11, where the gate oxide layer 14 pro-
trudes from the surface of the semiconductor substrate 12; a
polysilicon structure 15, formed on the gate oxide layer 14,
where the polysilicon structure 15 protrudes from the surface
of the semiconductor substrate 12; a second mask layer 16,
formed on the first mask layer 13 and part of the polysilicon
structure 15; and a metal sputtering layer 17, formed on part
of surfaces of the second mask layer 16, the semiconductor
substrate 12, the polysilicon structure 15 and the gate oxide
layer 14.

In addition, a manufacturing process of the trench Schottky
diode in FIG. 1(a) includes the following steps: providing a
semiconductor substrate (12); forming a first mask layer (13)
onthe semiconductor substrate (12); etching the semiconduc-
tor substrate (12) according to the first mask layer (13), so as
to form a multi-trench structure (11) in the semiconductor
substrate (12); forming a gate oxide layer (14) on a surface of
the multi-trench structure (11); forming a polysilicon struc-
ture (15) on the gate oxide layer (14) and the first mask layer
(13); etching the polysilicon structure (15), so as to expose a
top surface and part of side surfaces of the first mask layer
(13); forming a second mask layer (16) on part of the poly-
silicon structure (15) and part of the first mask layer (13), so
as to expose part of surfaces of the semiconductor substrate
(12), the polysilicon structure (15) and the gate oxide layer
(14); forming a metal sputtering layer (17) on the second
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mask layer (16) and part of the surfaces of the semiconductor
substrate (12), the polysilicon structure (15) and the gate
oxide layer (14); and etching the metal sputtering layer (17),
s0 as to expose part of a surface of the second mask layer (16).

However, in the termination region of the conventional
trench Schottky diode, polysilicon in a plurality of trenches is
not electrically connected to the metal layer, so that the plu-
rality of trenches is in a floating potential state when the
device is operated in a reverse bias. The electric field distri-
bution of the termination region cannot be extended and dis-
persed, resulting in strong electric field crowding, and the
breakdown voltage cannot be effectively improved. Accord-
ingly, there are still restrictions on applications thereof for
semiconductor devices with higher power or voltage, and
how to design and manufacture a Schottky diode with a high
breakdown voltage and a low reverse leakage current
becomes an urgent issue needs to be solved.

SUMMARY

In view of the shortcomings of the prior art, the present
invention proposes a connecting trench structure, which may
be widely applied to trench-type semiconductor devices. By
connecting one or more parts of adjacent trenches in a plu-
rality of trenches, electric field distribution in a semiconduc-
tor device changes accordingly, and thus current-voltage
characteristics thereof can be improved. Similarly, character-
istics of the semiconductor device may be adjusted by further
changing configuration of the connecting trench, so as to be
applied to various application demands.

In one aspect of the present invention, a termination region
structure of a semiconductor device is provided, which
includes: a semiconductor layer; a plurality of trenches,
formed on a surface of the semiconductor layer; a first con-
necting trench, formed on the surface of the semiconductor
layer, for connecting a first trench and a second trench adja-
cent to each other in the plurality of trenches; a first insulating
layer, formed on a surface of the plurality of trenches, a
surface of the connecting trench, and the surface of the semi-
conductor layer where the plurality of trenches or the con-
necting trench is not formed; a conductive material (for
example, polysilicon or tungsten), formed and filled in the
plurality of trenches and the first connecting trench whose
surfaces have the first insulating layer, where the conductive
material filled in the first trench and the second trench may be
connected through the conductive material filled in the first
connecting trench; a second insulating layer at least covering
part of a surface of the first insulating layer not contacting the
conductive material and part of a surface of the conductive
material not contacting the first insulating layer; and a metal
layer, at least covering part of a surface of the second insu-
lating layer. In the first trench, the second insulating layer may
cover part of the surface of the conductive material not con-
tacting the first insulating layer, and the metal layer covers the
other part of the surface of the conductive material not con-
tacting the first insulating layer; the other part of the surface of
the conductive material covered by the metal layer may be
further provided with a metal silicide layer or a Schottky
metal layer. The first connecting trench may be further con-
figured to be perpendicular to the first trench and the second
trench, or perpendicular to a tangent of the first trench and a
tangent of the second trench. The termination region structure
of'a semiconductor device may further include a second con-
necting trench for connecting the second trench and a third
trench in the plurality of trenches, the third trench is adjacent
to the second trench; where the second connecting trench and
the first connecting trench may be staggered, that is, they are
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non-collinear. The second connecting trench in the termina-
tion region structure of a semiconductor device may also be
used for connecting a third trench and a fourth trench adjacent
to each other in the plurality of trenches, and at this time, the
first connecting trench and the second connecting trench are
not connected. The termination region structure of a semicon-
ductor device may be applied to different types of semicon-
ductor devices, such as, a Schottky diode, a metal oxide
semiconductor field effect transistor, a bipolar junction tran-
sistor, or an insulated gate bipolar transistor.

In another aspect of the present invention, a semiconductor
device is provided, which has an active region and a termina-
tion region, and includes: a semiconductor layer; a plurality
of trenches, formed on a surface of the semiconductor layer;
a connecting trench, formed on the surface of the semicon-
ductor layer and located in the termination region, for con-
necting two adjacent trenches in the plurality of trenches; a
first insulating layer, formed on part of surfaces of the plural-
ity of trenches and the connecting trench in the active region,
where an upper edge thereof is lower than the surface of the
semiconductor layer where no trenches are formed, and
formed on the surface of the plurality of trenches, the surface
of the connecting trench, and the surface of the semiconduc-
tor layer where the plurality of trenches or the connecting
trench is not formed in the termination region; a conductive
material, formed in the plurality of trenches and the connect-
ing trench, and completely covering the first insulating layer
in the bottom of the plurality of trenches and in the bottom of
the first connecting trench; a second insulating layer, at least
covering part of a surface of the first insulating layer not
contacting the conductive material and part of a surface of the
conductive material not contacting the first insulating layer in
the termination region; and a metal layer, at least covering the
active region and part of a surface of the second insulating
layer.

In still another aspect of the present invention, a Schottky
diode is provided, which has an active region and a termina-
tion region, and includes: a semiconductor layer; a plurality
of trenches, formed on a surface of the semiconductor layer;
a connecting trench, formed on the surface of the semicon-
ductor layer and located in the termination region, for con-
necting a first trench and a second trench adjacent to each
other in the plurality of trenches; a first insulating layer,
formed on atleast part of a surface of the plurality oftrenches,
at least part of a surface of the connecting trench, and the
surface of the semiconductor layer where the plurality of
trenches or the connecting trench is not formed in the termi-
nation region; a conductive material (for example, polysilicon
or tungsten), formed in the plurality of trenches and the first
connecting trench whose surfaces have the first insulating
layer, where the conductive material filled in the first trench
and the second trench may be connected through the conduc-
tive material filled in the first connecting trench; a second
insulating layer, at least covering part of a surface of the first
insulating layer not contacting the conductive material and
part of a surface of the conductive material not contacting the
first insulating layer in the termination region; and a metal
layer, at least covering the active region and part of a surface
of the second insulating layer. In the first trench, the second
insulating layer may cover part of the surface of the conduc-
tive material not contacting the first insulating layer, and the
metal layer covers the other part of the surface of the conduc-
tive material not contacting the first insulating layer. In addi-
tion, in the active region, surfaces of the semiconductor layer
and the conductive material not contacting the first insulating
layer may be further provided with a metal silicide layer or a
Schottky metal layer.
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In yet another aspect of the present invention, a method for
manufacturing a Schottky diode is provided, which includes
the following steps: (1) forming a trench structure on a semi-
conductor layer, where the trench structure includes a plural-
ity of trenches and a plurality of connecting trenches connect-
ing two adjacent trenches in the plurality of trenches; (2)
forming a first insulating layer, where the first insulating layer
covers a surface of the trench structure and a surface of the
semiconductor layer where the trench structure is not formed;
(3) forming a conductive material in the trench structure
covered by the first insulating layer, so as to fill the trench
structure; (4) forming a second insulating layer, for covering
a surface of the first insulating layer not contacting the con-
ductive material and a surface of the conductive material not
contacting the first insulating layer; (5) removing part of the
second and first insulating layers, to expose an upper edge of
the conductive material and the surface of the semiconductor
layer where no trench regions are formed; (6) forming a metal
silicide layer or a Schottky metal layer at least on the exposed
upper edge of the conductive material and the exposed surface
of the semiconductor layer where no trench regions are
formed; (7) forming a first metal layer, to cover a region
where part of the second and first insulating layers are
removed and part of the second insulating layer; and (8)
forming a protective layer, to cover part of the first metal layer
and part of the second insulating layer. The step of forming a
trench structure may further include: (1A) forming a hard
mask layer on the semiconductor layer; (1B) patterning the
hard mask layer, to expose part of the semiconductor layer
where the trench structure is to be formed; (1C) forming the
trench structure through dry etch in regions not covered by the
hard mask layer; and (1D) removing the patterned hard mask
layer. The step of patterning the hard mask layer may further
include using photo lithography, dry etch or other manners.
The step of forming the first insulating layer may include
forming a silicon dioxide layer through thermal oxidation or
chemical vapor deposition. The step of forming the conduc-
tive material may further include: (3A) depositing the poly-
silicon through chemical vapor deposition, so that the poly-
silicon covers the first insulating layer and fills the trench
structure whose surface has the first insulating layer; and (3B)
removing part of the polysilicon through dry etch, to expose
anupper edge of the first insulating layer and an upper edge of
the polysilicon filling the trench structure; where after part of
the second and first insulating layers are removed, the upper
edge of the first insulating layer in the trenches in the active
region may be lower than the surface of the semiconductor
layer where no trenches are formed. The step of forming a
metal silicide layer on the exposed upper edge of the conduc-
tive material and the exposed surface of the semiconductor
layer where no trench regions are formed may include: (6A)
forming a second metal layer in a region where part of the
second and first insulating layers are removed; (6B) making
an upper edge of the conductive material and the surface of
the semiconductor layer where no trench regions are formed
react with the second metal layer through thermal annealing,
s0 as to form the metal silicide layer; and (6C) removing the
second metal layer. In the method for manufacturing a Schot-
tky diode, the upper edge of the first insulating layer in the
trench in the region where part of the second insulating layer
and part of the first insulating layer are removed may be lower
than the surface of the semiconductor layer where a trench
portion is not formed; in addition, after part of the first insu-
lating layer and part of the second insulating layer are
removed in step (5), borders of the first insulating layer and
the second insulating layer that are not removed may be
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located on an upper edge of the conductive material in a
trench of the plurality of trenches.

Based on the above intention of the present invention, by
adding a termination region structure of a connecting trench a
semiconductor device may have a higher breakdown voltage
than that in the prior art. Exemplary embodiments of the
present invention are described later.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) is a schematic cross-sectional view of a conven-
tional trench-type Schottky diode, and FIG. 1(b) is a sche-
matic top view of part of a trench structure;

FIGS. 2(a)-(d) are schematic top views of part of trenches
and connecting trenches of a Schottky diode according to the
present invention;

FIGS. 3(a)-(c) are schematic cross-sectional views of dif-
ferent positions of a Schottky diode according to the present
invention;

FIG. 4(a) is a schematic view of electric field distribution
of'aconventional Schottky diode, and FIG. 4(b) is a schematic
view of electric field distribution of a Schottky diode accord-
ing to the present invention;

FIG. 5 is a schematic view of comparison between current-
voltage curves of a Schottky diode according to the present
invention and the conventional Schottky diode; and

FIGS. 6(a)-(z) are schematic views of a manufacturing
process of a Schottky diode according to the present inven-
tion.

DETAILED DESCRIPTION

Examples of embodiments of the present invention are
described below with reference to the accompanying draw-
ings on the basis of the foregoing inventive intention. Com-
ponent structures disclosed in the drawings are only for illus-
trative purpose, which neither represent the size or scale of the
actual structures, nor limit all compositions of actual compo-
nents.

Corresponding to the termination structure of the conven-
tional trench Schottky diode in FIG. 1(a), FIG. 1(5) is equiva-
lent to a top view of the trenches in a termination region
thereof, which may also be understood as part of a photo mask
pattern used in the process of manufacturing a semiconductor
device. One embodiment of the present invention is a termi-
nation region of a semiconductor device having a connecting
trench, the connecting trench is used to connect some
trenches in the conventional trench-type semiconductor
device, and top views of the termination region portion may
be as those shown in FIGS. 2(a)-(d). Similarly, FIGS. 2(a)-(d)
may also be understood as a photo mask pattern of a trench
portion; FIGS. 2(a)-(d) are different from FIG. 1(b) in that
FIGS. 2(a)-(d) additionally have connecting trenches with
different arrangements, and the devices corresponding to the
drawings respectively may have different voltage-current
characteristics along with the different arrangements of the
connecting trenches. For the device corresponding to FIG.
2(a), a plurality of connecting trenches 211 thereofis used for
connecting a trench 221 and a trench 222 on the innermost
side of the termination region. After each trench and the
connecting trenches are filled with a conductive material,
potentials of the conductive materials in the trenches 221 and
222 and the connecting trenches 211 will be the same. How-
ever, the connecting trenches may also be configured to con-
tinue extending outwards. As shown by the pattern in FIG.
2(b), a plurality of connecting trenches 212 is further included
for connecting the trench 222 and a trench 223, wherein the
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connecting trenches 211 and the connecting trenches 212
may be arranged collinearly or staggered as shown in FIG.
2(b), and their different relative positions correspondingly
generate different electric field distribution in the semicon-
ductor device, that is, different current-voltage curves. In
addition, the connecting trenches may also adopt partition
arrangement as shown in FIG. 2(c). FIG. 2(c¢), in addition to
having a plurality of connecting trenches 211 equivalent to
FIG. 2(a) for connecting two trenches on the innermost side,
a plurality of connecting trenches 213, 214, 215, and 216 is
further included for connecting five trenches on an outermost
side. FIG. 2(d) is on the basis of FIG. 2(b), which further sets
a plurality of connecting trenches 214, 215, and 216, for
connecting four trenches on an outermost side. In other
words, the structures disclosed in FIGS. 2(c) and (d) have two
groups of trenches, and the trenches in the same group are
mutually connected, while the trenches in different groups are
isolated. In other words, after the conductive material is filled,
the trenches in the same group have equal potentials. Based
on the same concept, more groups of trenches may be
designed.

The so-called “connect” herein, for the meaning of trench
structure manufacturing, means that two or more trenches are
connected and in communication with each other; after the
trenches are filled with the conductive material, the effect
thereof is electrical connection. However, the type or size of
the connecting trenches 211-216 is not limited to those illus-
trated in FIGS. 2(a)-(d), and persons of ordinary skill in the
art may select the appropriate type and size according to
requirements of component efficiency or process condition
restrictions. For example, the connecting trenches in FIGS.
2(a)-(d) are all perpendicular to the plurality of trenches, or
perpendicular to tangents at bends of the plurality oftrenches;
however, this is only illustrative of the present invention, but
is not intended to limit structural features of the connecting
trenches. On the other hand, connection between the trenches
is not limited to use of the connecting trenches, for example,
in the conventional structure of FIG. 1(a), an opening may be
formed in the second mask layer 16, and the metal sputtering
layer 17 fills the opening, so that the polysilicon structures 15
in part of the trenches may be connected through the metal
sputtering layer 17. For persons of ordinary skill in the field of
semiconductor devices, the connecting trenches in the present
invention may be applied to a variety of semiconductor
devices having termination regions with trenches, such as, a
Schottky diode, a metal oxide semiconductor field effect tran-
sistor (MOSFET), a bipolar junction transistor (BJT), an
insulated gate bipolar transistor (IGBT).

By using the trench structure shown in FIG. 2(b) as an
example, FIG. 3 discloses a cross-sectional structure of a
Schottky diode corresponding thereto. First, FIG. 3(a) is
equivalent to a cross-sectional structure along a segment A-A'
in FIG. 2(b), and because of the position of the segment A-A',
the trench portion shown in FIG. 3(a) is similar to the con-
ventional structure (see FIG. 1(a)). However, FIG. 3(b) and
FIG. 3(c) are respectively equivalent to cross-sectional struc-
tures along a segment B-B' and a segment C-C' in FIG. 2(4).
It is obvious from FIG. 3(b) that the connecting trenches
connect the trenches 221 and 222 along the segment B-B', and
it is also obvious from FIG. 3(b) that the connecting trenches
connect 222 and 223 along the segment B-B'.

Another embodiment of the present invention is a Schottky
diode structure, as shown in FIG. 3(a), the structure thereof
may be divided into an active region 31 and a termination
region 32, and includes a semiconductor layer 33 (which may
be, for example, an epitaxial layer with a low doping concen-
tration) and a plurality of trenches 34, and a junction between
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the active region 31 and the termination region 32 is located
on a sidewall of a trench. Referring to FIGS. 3(5) and (¢), this
embodiment of the present invention includes a plurality of
connecting trenches 351 and 352, formed on a surface of the
semiconductor layer 33 and located in the termination region
32, for connecting two adjacent trenches in the plurality of
trenches 34. The connecting trenches 351 in FIG. 3(b) corre-
spond to the connecting trenches 211 in FIG. 2(5), and the
connecting trenches 352 in FIG. 3(c) correspond to the con-
necting trenches 212 in FIG. 2(4). A first insulating layer 361
is formed on at least part of surfaces of the plurality of
trenches 34 and the plurality of connecting trenches 351 and
352, and the surface of the semiconductor layer 33 where no
trenches are formed in the termination region 32. Please refer
to FIG. 6(p) for description about the “part of surfaces”
herein, which refers to that in the trenches of the active region,
a top edge of a first insulating layer 641 is lower than the
original surface of an epitaxial layer 61 where no trenches are
formed; in other words, the first insulating layer 641 does not
completely cover all surfaces of each trench. However, this
feature is only illustrative of the present invention, which may
change according to component structures and process char-
acteristics, and it is possible that the first insulating layer 641
completely covers all the surfaces of each trench. A conduc-
tive material 37 is formed in the plurality of trenches 34 and
the plurality of connecting trenches 351 and 352, and the
conductive material in two adjacent trenches may be con-
nected through the conductive material 37 filled in the plu-
rality of connecting trenches 351 and 352. Referring to FIG.
6(p) again, polysilicon 65 fills an inner space of the first
insulating layer 641 in the trenches. In the prior art, whether
the conductive material fills the trenches may change accord-
ing to component structures and process characteristics. For
example, when the trench width (relative to the depth) is
greater, the conductive material may not fill the inner space of
the first insulating layer, that is, the recess degree in the center
of'the conductive material is too large, so that the conductive
material does not completely cover the first insulating layer in
the bottom of the trench. However, based on the gist of the
present invention, if the conductive material does not com-
pletely cover the first insulating layer in the bottom of the
trench, it may result in that the conductive material in the
same trench is not connected, and the connecting trench can-
not connect two adjacent trenches. In addition, in the termi-
nation region 32, a second insulating layer 362 covers a
surface of an upper edge of the first insulating layer 361 and
a surface of an upper edge of the conductive material 37. In
the active region 31, a metal silicide layer is formed on a
surface of an upper edge of the semiconductor layer 33 and
the surface of the upper edge of the conductive material 37,
which may also be formed on an exposed surface of the first
insulating layer 361 not contacting the semiconductor layer
33 and the conductive material 37 (not shown in FIGS. 3(a)-
(¢) due to a small scale, and please refer to the reference
numeral 65 in FIG. 6(¢)). A metal layer 38 covers a surface of
the metal silicide layer and part of a surface of the second
insulating layer 362, and the outermost layer may be covered
by a protective layer 39.

In the structures disclosed in FIGS. 3(a)-(¢), FIG. 6(¢) and
the previous description, the metal silicide layer is used for
forming a Schottky barrier, which may also be replaced with
a Schottky metal layer, and the material thereof may be, for
example, aluminum or molybdenum; and the function of the
metal layer 38 is serving as a contact electrode. However, this
is only illustrative of the present invention about the Schottky
barrier, and if an appropriate material (for example, alumi-
num)is used, the metal layer 38 may serve as an electrode and

5

10

15

20

25

30

35

40

45

50

55

60

65

8

form the Schottky barrier at the same time. At this time, the
active region does not need the metal silicide layer or the
Schottky metal layer, and the metal layer 38 may be directly
formed on a surface of the conductive material not contacting
the first insulating layer, a surface of the first insulating layer
not contacting the conductive material, and the surface of the
semiconductor layer where the trenches or the connecting
trenches are not formed.

Furthermore, in the embodiment of the present invention as
shown in FIGS. 3(a)-(¢), the trench adjacent to the innermost
side of the termination region in the active region is the trench
34a, that is, the conductive material 37 of the trenches in the
active region is electrically connected to the conductive mate-
rial 37 in the trench 34a of the termination region through the
metal layer 38, and the trench 34a is electrically connected to
trenches 345 and 34c¢ through the connecting trenches 351
and 352, so that a potential of the conductive material in the
trench 34a and potentials of the conductive materials in the
trenches 345 and 34c¢ are the same. On the contrary, the
trenches except the trenches 34a, 345 and 34c¢ are not con-
nected in the termination region structure shown in FIGS.
3(a)-(¢), and the conductive material 37 therein still has a
floating potential.

The Schottky diode structure proposed in the present
invention is capable of changing electric field distribution in
the components through arrangement of connecting trenches,
which has effects of improving electrical performance. FIGS.
4(a) and (b) disclose electric field distribution of the conven-
tional trench Schottky diode and a Schottky diode according
to the present invention, from which their differences may be
seen. FIG. 4(a) corresponds to the structure of the conven-
tional trench Schottky diode, and F1G. 4(b) illustrates a struc-
ture that three trenches adjacent to the active region in the
termination region are connected based on the gist of the
present invention. It is apparent from comparison between
FIG. 4(a) and FIG. 4(b) that, the electric field distribution of
the conventional structure is more concentrated, and use of
the structure according to the present invention may extend
the electric field distribution outwards, so that the electric
field may not be excessively concentrated in the active region.
The more concentrated the electric field intensity is, the easier
the result of voltage collapse or breakdown is produced.
Therefore, the structure according to the present invention
may have higher pressure resistance, that is, it has a higher
breakdown voltage in the case of a reverse bias. According to
the above description, FIG. 5 illustrates simulation compari-
son between voltage-current curves of the conventional
trench Schottky diode and a Schottky diode according to the
present invention. It can be seen from FIG. 5 that the Schottky
diode according to the present invention indeed has a signifi-
cantly improved breakdown voltage. The gist of the present
invention lies in connecting one or more parts of trenches ina
traditional trench-type semiconductor device, thereby dis-
persing electric field intensity of the active region; however,
this feature is not limited to the trench Schottky diode, and
may also be applied to other semiconductor devices having
the similar principle and structure, such as, diodes or transis-
tors.

Still another embodiment of the present invention is a
method for manufacturing a Schottky diode. Structures
formed in respective steps are shown in FIGS. 6(a)-(z), and
description is given below in sequence. FIGS. 6(a)-(z) are
cross-sectional views, of which the position is identical to
FIG. 3(a) (along the segment A-A' in FIG. 2(5)), and thus the
cross-sectional structures of the connecting trenches 351 and
352 are not presented as in FIG. 3(b) or (¢). However, persons
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of'ordinary skill in the art can fully understand and implement
the following content through the top views of the trench
structure in FIGS. 2(a)-(d).

As shown in FIG. 6(a), first, an epitaxial layer 61 with a
lower doping concentration is formed on a silicon substrate
(not shown) with a higher doping concentration, the material
of'the epitaxial layer 61 may be, for example, N-type monoc-
rystalline silicon, and the thickness of the epitaxial layer 61
should be available for forming a trench structure in a subse-
quent step, for example, about 1-60 pm.

As shown in FIG. 6(b), a hard mask layer 62 is formed on
the epitaxial layer 61. The material of the hard mask layer 62
may be, for example, SiO,, and a manufacturing process
thereof may adopt, for example, thermal oxidation or chemi-
cal vapor deposition. The main function of the hard mask
layer 62 is shielding non-trench regions in subsequent etching
of a trench, and therefore, its thickness depends on the etch
depth required for the trench and the etch rate ratio of two
different materials, the epitaxial layer 61 and the hard mask
layer 62, during etching.

In order to make the hard mask layer 62 form a required
pattern, FIGS. 6(c)-(f) illustrate a process of using photo
lithography and dry etch, but available processes are not
limited thereto. Firstly, a photo resist layer 631 is coated on
the hard mask layer 62 (FI1G. 6(c)). Secondly, part of the photo
resist layer 631 is removed through exposure, development
and other steps to form the required pattern (FIG. 6(d)); then,
etching is performed, for example, dry etch may be adopted,
to form substantially the same pattern on the hard mask layer
62 according to the pattern of the photo resist layer 631 (FIG.
6(e)). After the remaining photo resist layer 631 is removed,
the patterned hard mask layer 62 shown in FIG. 6(f) may be
obtained. With reference to the foregoing description, the
Schottky diode structure according to the present invention
has a plurality of connecting trenches, and thus in the expo-
sure step of forming the structure in FIG. 6(d), the photo mask
pattern used in the trench portion of the termination region
may be as those shown in FIGS. 2(a)-(d). By use of positive
photo resist as an example, the trench structure in FIGS.
2(a)-(d) is the transparent portion in a photo mask.

The pattern of the hard mask layer 62 is used for forming a
trench structure on the epitaxial layer 61, as shown in FIG.
6(g). The etching process used herein may be, for example,
dry etch with a better anisotropic effect. After trenches are
formed on a surface of the epitaxial layer 61 not covered by
the hard mask layer 62, the remaining hard mask layer 62 is
removed, and the epitaxial layer 61 having a trench structure
as shown in FIG. 6(%) may be obtained. In general, the depth
of'the trench structure may be, for example, about 0.5-30 pm.

After the trenches are formed on the epitaxial layer 61, a
first insulating layer 641 may be formed on the epitaxial layer
61 in a manner such as, but not limited to, thermal oxidation
or chemical vapor deposition. As shown in FIG. 6(), the first
insulating layer 641 completely covers surfaces of the
trenches of the epitaxial layer 61 and the original surface
where no trenches are formed, the thickness thereof may be,
for example, 0.08-1 um. In contrast to the prior art, to form the
first insulating layer 641 in this step is equivalent to form
simultaneously the gate oxide layer 43 and the first mask layer
Al in FIG. 1(a).

After the first insulating layer 641 is formed, polysilicon is
formed in the trenches; the material that can be used herein is
not limited to polysilicon, and tungsten or other conductive
materials may also be used. FIG. 6(i) illustrates that polysili-
con 65 is formed on the first insulating layer 641 through
chemical vapor deposition, and by means of characteristics of
the chemical vapor deposition, the polysilicon 65 may fill the
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trenches and form a film layer with a certain thickness above
the whole substrate. The thickness of the film layer above
generally depends on the width of the trenches, and the wider
the trenches are, the thicker the film layer required above the
polysilicon 65 is. Secondly, the polysilicon 65 above the
substrate is etched back through dry etch, and the polysilicon
film layer above is removed to expose a surface of an upper
edge (that is, part of a surface not in the trench) of the first
insulating layer 641, as shown in FIG. 6(k). The filling degree
of the polysilicon 65 in the trenches depends on different
processes and structure designs, and FIG. 6(%) is equivalent to
filling polysilicon into a space surrounded by the first insu-
lating layer. As stated previously, the present invention uses a
connecting trench to connect two adjacent trenches in a ter-
mination region. If the trenches are too wide or too shallow,
the etching back step may completely remove the polysilicon
in the central portion, resulting in that the first insulating layer
in the bottom of the trench is exposed; meanwhile, the poly-
silicon in the same trench is not completely connected, and a
connecting trench cannot completely connect two adjacent
trenches accordingly. Therefore, on the basis of the gist of the
present invention, the etching back step herein must keep the
polysilicon at least filling the bottom of the trenches, i.e.
completely covering the first insulating layer in the bottom of
the trenches.

After the processing through the foregoing steps, a second
insulating layer 642 is continuously formed on the substrate,
for example, a silicon dioxide layer may be formed through
chemical vapor deposition, as shown in FIG. 6(/).

FIGS. 6(m)-(p) illustrate steps of removing part of the first
insulating layer 641 and the second insulating layer 642, for
forming an opening of the active region. Firstly, a photo resist
layer 632 is coated on the second insulating layer 642 (FIG.
6(m)), and after exposure, development and other steps, the
photo resist layer 632 in an opening region is removed (FI1G.
6(n)). Secondly, the non-removed photo resist layer 632 is
used as a shield to remove the first insulating layer 641 and the
second insulating layer 642 in the opening portion through
etching (FIG. 6(0)). For example, dry etch or other etching
manners may be adopted. In addition, FIG. 6(0) also discloses
that part of the first insulating layer 641 in the trenches is not
removed, and thus the first insulating layer 641 in the trenches
of the active region has the function of the gate oxide layer.
After the photo resist layer 632 is removed, the sectional
structure is as that shown in FIG. 6(p).

Upon completion of the structure of FIG. 6(p), in a next
step, a metal silicide layer 66 is formed in a component active
region, as shown in FIG. 6(g). Firstly, a metal layer is formed
in the active region. For example, a nickel or titanium film
may be formed through evaporation or sputtering. The metal
reacts with the surface of the epitaxial layer 61 (a portion
where no trenches are formed) and a surface of an upper edge
of'the polysilicon 65 in the trench through a thermal annealing
process, so as to form the metal silicide layer 66 at a junction,
and a junction between the metal silicide layer 66 and the
epitaxial layer 61 forms the Schottky barrier. However, in an
actual manufacturing process, the metal silicide layer may
also be formed on a surface of the first insulating layer 641 not
contacting the polysilicon 65 or the epitaxial layer 61. As
stated previously, the metal silicide layer 66 may also be
replaced with a Schottky metal layer, for example, an alumi-
num film or a molybdenum film may be formed to at least
cover the active region. In addition, this step may also be
omitted, and the Schottky barrier is formed directly with a
junction between the metal layer 67 and the epitaxial layer 61
in subsequent steps.
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FIGS. 6(7)-(y) illustrate steps of forming a metal electrode
structure. Firstly, a metal layer 67 is deposited on a surface of
the entire component (FIG. 6(7)), and then a photo resist layer
633 is coated (FIG. 6(s)). Secondly, peripheral portions of the
photo resist layer 633 are removed in manners such as expo-
sure and development, so that the non-removed photo resist
layer 633 covers the active region and the termination region
(FIG. 6(2)); then, the metal layer 67 is etched under shield of
photo resist, that is, the metal layer 67 beyond the component
region is removed (FIG. 6(«)). Finally, the remaining photo
resist layer 633 is removed (FIG. 6(v)). The metal layer 67, if
manufactured with an appropriate material (for example, alu-
minum), may serve as an electrode and form a Schottky
barrier at the same time, and thus the metal silicide layer or
Schottky metal layer may be omitted.

Finally, FIGS. 6(w)-(z) illustrate steps of forming a protec-
tive layer structure. Firstly, a protective layer 68 is deposited
on the surface of the entire component (FIG. 6(w)). For
example, silicon dioxide or silicon nitride may be used as a
material of the protective layer 68. Next, a photo resist layer
634 is coated, and an opening is formed above the active
region in manners such as exposure and development (FIG.
6(x)); then, the protective layer 68 is etched, and the portion
above the active region of the protective layer 68, which is not
covered by photo resist, is removed to expose the electrode to
serve as ohmic contact (FIG. 6(3)). Finally, the remaining
photo resist layer 634 is removed (FIG. 6(z)). Therefore, a
basic structure of a semiconductor device according to an
embodiment of the present invention is completed.

The embodiments described above are only exemplary for
the present invention rather than all possible variations
thereof. The scope claimed by the applicant is as defined by
the following claims, of which literal meanings and equiva-
lents are all included in the scope of the claims, and the
content of the description or drawings should not be con-
strued as limitations of the claims.

DESCRIPTION OF REFERENCE NUMERALS

11 Multi-trench structure
12 Semiconductor substrate
13 First mask layer

14 Gate oxide layer

15 Polysilicon structure
16 Second mask layer

17 Metal sputtering layer
31 Active region

32 Termination region

33 Semiconductor layer
37 Conductive material
38, 67 Metal layer

39, 68 Protective layer
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61 Epitaxial layer

62 Hard mask layer

65 Polysilicon

66 Metal silicide layer (Schottky metal layer)
211-216, 351, 352 Connecting trench
221-223, 34, 34a, 34b, 34¢ Trench

361, 641 First insulating layer

362, 642 Second insulating layer

631, 632, 633, 634 Photo resist layer

What is claimed is:

1. A Schottky diode, having an active region and a termi-
nation region, comprising:

a semiconductor layer;

a plurality of trenches, formed on a surface of the semicon-

ductor layer;

a connecting trench, formed on the surface of the semicon-
ductor layer and located in the termination region, for
connecting a first trench and a second trench adjacent to
each other in the plurality of trenches;

a first insulating layer, formed on at least part of a surface
of the plurality of trenches, at least part of a surface of the
connecting trench, and the surface of the semiconductor
layer where the plurality of trenches or the connecting
trench is not formed in the termination region;

a conductive material, formed in the plurality of trenches
and the connecting trench whose surfaces have the first
insulating layer, wherein the conductive material in the
first trench and the conductive material in the second
trench are connected through the conductive material in
the connecting trench;

a second insulating layer, at least covering part of a surface
of the first insulating layer not contacting the conductive
material and part of a surface of the conductive material
not contacting the first insulating layer in the termination
region; and

ametal layer, at least covering the active region and part of
a surface of the second insulating layer.

2. The Schottky diode according to claim 1, wherein in the
first trench, the second insulating layer covers part of the
surface of the conductive material not contacting the first
insulating layer, and the metal layer covers the other part of
the surface of the conductive material not contacting the first
insulating layer.

3. The Schottky diode according to claim 1, wherein the
conductive material is polysilicon or tungsten.

4. The Schottky diode according to claim 1, further com-
prising a metal silicide layer or a Schottky metal layer, at least
formed on surfaces of the semiconductor layer and the con-
ductive material not contacting the first insulating layer in the
active region.



